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The experimentalist, as well as the clinical investigator interested in deter- 
mining the mechanism of the rheumatic process, is handicapped by the lack of a 
precise method for measuring inflammation. There is need for a  simple tech- 
nique to determine slight changes in the activity of the rheumatic process and 
in the degree of inflammation produced in experimental arthritis. It is timely 
to call attention to a chemical method and to point out its application, not only 
in appraising the clinical state but also in evaluating certain anti-inflammatory 
substances, for example, sodium salicylate, adrenal steroids, and products of 
the  spleen,  in  the  experimental  animal. The  method to  be  explored in  this 
study  is  the  determination  of  the  "purple  color"  or  serum  diphenylamine 
(DPA)  1 reaction  (1).  It is the purpose  of this report  to show that the DPA 
reaction reflects injury to  tissue and that  the  ability to  suppress  the  DPA 
reaction may be a  prerequisite for an effective anti-inflammatory agent. 
The serum constituent which reacts with DPA to give the purple color is unknown.  It 
seems to be constantly associated with mucoprotein,  not only in serum, but also in urine, 
gastric and synovial fluid, tonsillar tissue, and collagen.  The reactive material appears to be 
carbohydrate in nature. In screening carbohydrates, it has been found that several types of 
uncommon sugars give this reaction. Work on the direct isolation of the moiety from serum 
globulin is now in progress.  An interesting substance  giving the purple color is sialiv acid, 
isolated by Blix in 1936 from mucin of the submaxillary gland (2)  and recently reported by 
Werner and Odin (3). There is, however, no indication that this substance is the serum con- 
stituent reacting with DPA in the above tests. 
Although the mechanism of rheumatic fever is unknown, the cumulative evidence indicates 
that an antigen-antibody reaction may play a role in its pathogenesis (4). Furthermore, arthri- 
tis and vascular changes similar to those seen in rheumatic fever have been produced by a 
number of antigen-antibody systems in several experimental animals (5).  In  this study the 
local injection of antigen  into  a  passively  sensitized  animal has  induced  an  anaphylactic 
arthritis and provided a  means by which a  number of substances  could be tested for anti- 
inflammatory effect. The appraisal of this action was made possible by the DPA determina- 
tion. 
At least two types of experimental findings have indicated  over a  period of years that 
the patient with an active rheumatic process is sensitized to some product of hemolytic strep- 
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tococcal infection. For example, in certain  subjects  rheumatic  erythemas were induced  spe- 
cifically by the intracutaneous injection of hemolytic streptococcal nucleoprotein (6). Further- 
more, it is generally agreed that an exacerbation of visceral manifestation may occur when 
infected, pharyngeal lymphoid tissue is traumatized; such as, by tonsillectomy during activity 
of the rheumatic process.  This reaction and its prevention by salicylate prophylaxis are now 
well recognized (7). A reasonable explanation for its occurrence is that streptococcal antigenic 
material is introduced systemically into the sensitized host. Pertinent to the pathogenesis of 
the disease is the well confirmed observation that the higher the titer of certain streptococcal 
antibodies developed by the patient, the more intense is the rheumatic reaction (8). Irrespec- 
tive of what the exact rheumatic mechanism finally proves to be, it appears to the authors 
that an antigen-antibody reaction in the joint of a small laboratory animal may provide an 
adequate experimental model. For this purpose the Arthus phenomenon, created by introduc- 
ing the specific antigen into one ankle of the passively sensitized guinea pig as described by 
Ungar, is used throughout the present study (9). 
Fischel, Benacerraf,  and  Kabat  showed that in the guinea pig there could be produced 
a  passive Arthus  reaction in  which  the response  reaction is quantitatively related  to  the 
amount of antibody used (10). It seems established that the joint swelling is linearly related 
to the log of the amount of antibody N injected and may give reliable indication of the degree 
of inflammation associated with the Arthus anaphylactic arthritis  (9).  In the present study 
two antigen-antibody systems were employed. One was egg albumin and anti-egg albumin 
rabbit serum, prepared by Ungar (9); the other was horse serum and anti-horse rabbit serum, 
prepared  in the customary manner.  Irrespective of the system employed, the results were 
the same. 
Clinical findings have indicated a  close association between elevated serum DPA values 
and the inflammatory reactions occurring in rheumatic fever (11). These reactions were severe 
and persisted over a period of days. Whether a single inflammatory response of short duration 
could be detected by a significant rise in the serum DPA response was not known. To deter- 
mine this, guinea pigs were given passive anaphylactic arthritis.  The first questions to be 
answered were: (a)  Will daily fluctuations in serum DPA levels and changes associ&ted with 
removal of blood be of a magnitude sufficient to invalidate the test? (b) At what point follow- 
ing the Arthus phenomenon may the maximum rise in DPA values be expected? (e) Will a 
single antigen-antibody reaction give a rise in serum DPA values significantly greater than in 
controls receiving an injection of normal rabbit serum intracardially and an antigen into a 
joint? 
Methods 
Technique for Determining Serum  DPA  Values. The semimicro procedure  described  by 
Ayala, Moore, and l:Iess has been employed throughout  this study  (1).  In this procedure, 
5 ml. of 5 per cent trichloroacetic acid solution is added slowly with gentle shaking to a 0.2 
ml. sample of serum contained in a  18 by 150 ram. O.D. test tube. The slow addition of the 
trichloroacetic acid plus the gentle shaking insures fine floccules of precipitates. The tube is 
then placed in a boiling water bath for exactly 20 minutes and immediately cooled by immer- 
sion in ice water.  The tubes are stoppered  during the hydrolysis with a  perforated rubber 
stopper fitted with 20 cm. long glass tubing which acts as a  condenser. The hydrolysate is 
filtered,  and  1.5 ml. of the clear filtrate is transferred to a  18 by 150 ram. O.D. test tube to 
which is added 3 ml. of reagent.*  The tube is then immersed in a boiling water bath for ex- 
* The  reagent consists of 1 gin. of DPA (recrystaflized from ethanol) dissolved in a  mix- 
ture of 90 ml. of glacial acetic acid and 10 ml. of concentrated sulfuric acid. Reagent grade 
acids should be employed in preparing  the DPA reagent. The acid mixture consists of the 
acids in the same proportion as in the DPA reagent but without DPA. ALVIN  ~. COBURN  AND  JOAN  HANINGER 
actly 30 minutes. After removal from the boiling water the tube is cooled in ice water and 
allowed to rise to room temperature. The color intensity is stable for several hours at room 
temperature. The optical density is read in a  model 6A Coleman spectrophotometer at 530 
m/z in the 18 by 150 ram. test tube in which the color has developed. A large number of 18 
by 150 ram. pyrex test tubes are examined for uniform optical properties. Tubes are selected 
if uniform to -4-0.005 optical density unit at an optical density of 0.300 and at a wavelength 
of 530 m#. This is well within the standard error of the method. The adapter on the model 
6A Coleman spectrophotometer is modified by reducing the vertical light path to 15 ram. in 
order to accommodate a  4.5 ml. sample. 
Two blanks are required. One blank consists of 5 per cent trichloroacetic acid and reagent 
in proportions corresponding to those used for the reaction. This blank is used to establish 
the zero optical density setting of the spectrophotometer. The second blank consists of 1.5 
ml. of serum hydrolysate and 3.0 ml. of acetic-sulfuric acid mixture without DPA. The second 
blank must be prepared separately for each serum sample. The optical density of this blank 
is subtracted from  the corresponding serum  sample giving the purple color  reaction.  This 
furnishes the corrected optical density of the purple color determination. 
A mixture of sulfuric and acetic acids in the proportions used in the reagent, when added 
to serum hydrolysate, gives a  light brown color with a  broad absorption band. The sulfuric 
acid in the mixture causes this color development.  Since the intensity of this color varies 
with individual serum samples it must be subtracted from the measured optical density of the 
purple color reaction. 
Anaphyladic  Artheitis.--Unless stated  otherwise each  Arthus reaction was  limited to a 
single joint and caused in the following manner. Rabbit serum,  I  ml./kilo, containing anti- 
body to either egg albumin or to horse serum was injected intracardially.  I  hour later 0.I 
ml. crude egg albumin (5 per cent solution) or 0.i ml. of sterile horse serum was injected into 
the hind, right ankle joint. The left ankle joint, which served as a control, received 0.I ml. of 
0.85 per cent NaCl. The joint swelling was determined by measuring the transverse diameter 
of the two ankles prior to the injection of antigen, I  hour later and every hal/-hour for a pe- 
riod of 5 hours. These diameter measurements were made with a  constant pressure microm- 
eter caliper with rachet stop. The swelling was calculated as follows: Each half-hour the dif- 
ference in diameter between the control and the anaphylactic joint was determined. Ten meas- 
urements were made on each guinea pig. These ten differences were added. This total was the 
swelling index for the individual pig.  "Mean swelling index" was determined by averaging 
the group of pigs tested. The results are given as mean swelling index, which is the average 
increase in volume of the joint receiving antigen compared with the joint receiving saline. 
In each experiment ten or more guinea pigs were used. 
Just prior to the experiment and 24 hours after the Arthus reaction, blood (approximately 
1.5  ml.)  was  withdrawn by cardiac puncture.  Only  the animals which  survived  the  local 
anaphylaxis and both phlebotomies were included in the studies. Sera obtained prior to and 
following the Arthus reaction were stored at 5°C.  for a period of 0 to 6 days. 
Criteria o/Signifiea~ce.--A change in the DPA reaction was considered significant when 
its P  value was  0.05 or less (t test of Fisher (12)). The increase in mean  swelling index of 
a  joint as  determined  above was  considered significant when the p  value was 0.05 or less. 
Definitions.--Throughout  this paper the intensity of the purple color will be expressed in 
color units C; in which C  is  defined  as C  =  I000 log  10H, measured at 530 m/z.  Log I#I 
is the customary definition of the optical density (13). AC, therefore, will refer to the differ- 
ence in measured optical densities multiplied by I000. Arthus unit is, as defined by Ungar 
the amount of material per kilo of guinea pig which will reduce the joint swelling by 50 per 
cent under appropriate  conditions (14)  DPA  unit is  the  least  amount  of anti-infiamitory 
substance per kilo of guinea pig required to inhibit 90 to I00 per cent of the expected rise in 
a DPA blood level. SERUM  DIPHENYLAMIN~  REACTION IN"  ARTHRITIS 
EXPEI~  ~F.NTAL FINDINGS 
To collect  information on the association,  which had been observed in pa- 
tients, between  the serum  DPA  level and  a sterile  inflammatory  reaction, 
experiments were done on the following  points:  (I) the effect  of bleeding; (2) 
the time of maximum  DPA  rise;  (3) the association  of this  rise  with anaphy- 
lactic  arthritis;  (4) the relation  of the degree of DPA  rise  to the amount  of 
swelling of a joint; (5) the relation  of the DPA  reaction to the duration of 
arthritis; (6) the serum DPA  level  as a reflection  of the anti-inflammatory 
effect  of salicylate  administration; (7) the effect  of endocrine substances on 
the DPA  reaction; (8) the relation  of the dosage of splenin A  to the DPA 
level;  (9) the effect  of splenectomy on the action  of certain  anti-inflammatory 
agents; (I0) the effects  of salicylates  and  splenin A  in relation  to time of 
administration; (II) the relation  of the intensity  of the anaphylactic process 
to the drug dosage required to suppress a DPA  rise. 
Bleeding.--Removal  of 1.2 ml. of blood by cardiac puncture did not cause 
an increase  in DPA  values in any group of guinea pigs.  Upon repeated testing 
of this  point,  it  has been observed that removal of blood is  followed by about 
an equal number  of increases  and decreases with a slight  fall  in the average 
value. 
For example, twenty-four guinea pigs were bled twice; 1.2 cc. were taken on the 1st day 
and the same amount 24 hours later. The mean concentration of DPA was 0.357 unit on the 
first day and 0.346 on the second. A t-test showed that these values were not significantly 
different. When an individual animal was bled on successive days and the DPA reaction was 
run on the serum samples, variations in the color values in some instances exceeded the stand- 
ard deviation. However, for a group of six or more animals this was not true. The average 
color values for bleeding on successive days showed in each instance an insignificant decrease. 
Time  of  Maximum  DPA  Rise.--The  maximum  swelling  of  a  joint  after 
injection of an antigen is reached by the 5th hour.  To determine whether the 
DPA reaction reached a  maximum at the same time, a batch of approximately 
200 guinea pigs was bled 1 day prior to the Arthus reaction. A fraction of these 
were bled at frequent intervals during the development and subsidence of the 
reaction over a  period of 24 hours. Some of the animals were bled on each suc- 
cessive day thereafter  for  1  week.  The  results are presented  in  Fig.  1.  They 
show clearly that the serum DPA values remain almost unchanged during the 
Arthus reaction, rise to a  peak about 24 hours later, and then fall to or below 
preexperimental levels. Not shown in this figure is the fact that the rise does 
not begin during the first 12 hours of the experiment but only after the swelling 
reaction has  subsided. 
The Relation of the DPA Rise to Joint Swelling.--The Arthus  arthritis of a 
single joint was induced in a  group of forty-two guinea pigs. 
Blood samples were taken from all pigs 24 hours prior to the experiment. The group was 
divided into seven batches. A second blood sample was taken as follows: batch 1, ~,~ hour prior ALVIN  :E.  COBURN  AND  ~OAN  HANINGER 
to antibody injection; batch 2, ~  hour prior to antigen injection; batch 3, 5 hours after anti- 
gen injection; batch 4, 8 hours after antigen injection; batch 5, 14 hours after antigen injec- 
tion; batch 6, 21 hours after antigen injection; batch 7, 24 hours after antigen injection. In 
this experiment  the first two batches of pigs were bled before the onset of swelling; the third 
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batch following the peak of swelling; the other four batches following the subsidence of swell- 
ing. The difference in DPA color units between the first and second serum determinations in 
relation to the joint swelling is shown in Fig. 2. 
Fig.  2  shows that prior to and during the swelling of a  joint there was no 
rise in  the  DPA  level. The  increase began at  14  hours  and  continued  to  rise 
from that hour to the conclusion of the experiment at 24 hours. It is of interest 
that at 8  hours after the injection of antigen when the joint swelling had sub- 
sided the DPA rise had not yet begun. SERUM  DIPHENYLA.MINE  REACTION  IN  ARTHRITIS 
The Association of the DPA Rise with Anaphylactic Arthritis.--The following 
experiment was done to determine whether the antigen-antibody reaction gives 
rise to a  significant increase in the DPA level. The test was done with rabbit 
anti-horse serum and the antigen,  horse serum. The controls included bleeding 
alone and  antigen injected into  the joint plus normal  rabbit  serum injected 
intracardially. The results are shown in Table I. 
Table I shows that: bleeding did not cause a rise in the DPA level; the injec- 
tion of antigen and normal rabbit serum did not cause a rise in the DPA level 
but did cause a slight rise in joint swelling; the injection of antibody and anti- 
gen caused both a significant rise in DPA level and in the mean joint swelling 
index. 
The Relation of the Degree of the DPA  Rise to the Amount  of Swelling of a 
Joint.--The  present  experiments were done to  determine whether  the  DPA 
reaction reflects the severity of the inflammatory process. Two antigen-anti- 
TABLE I 
Effect of the Arthus Phenomenon on the DPA Reaaion and Joint Swdling 
Experimental 
procedure 
Bleeding 
Antigen  +  normal 
rabbit serum 
Antigen  +  rabbit 
anti-serum 
DPA reaction 
No. of  .... 
animals  AC 
--Imea Y 5  -1, 
/  '0  I-"  ,5 
6  +58  16  <0.001 
i 
Joint swelling 
No. of  I-  --- 
animals 
'*.sa.  I  =~s.~-.  P 
11  1.0  0.11  0.01-0.001 
6  4.3  0.21  <0.001 
body systems were used: a horse serum system in which the antibody content 
was estimated, and an egg albumin system in which the antibody nitrogen was 
known. With each system the joint swelling increased as the amount of antibody 
injected was increased. The rise in DPA values, roughly paralleling increases in 
the mean swelling, are shown in Table II. 
Table II shows that an increase of the serum DPA reaction at 24 hours is 
correlated with the degree of joint swelling, and that both were determined by 
the amount of antibody injected intracardially. This was true for each of the 
two  antigen-antibody  systems  tested. 
The Relation of the D PA Reaction to the Duration of Arthritis.--Human disease, 
for example rheumatic fever, commonly causes multiple arthritis and  is  not 
limited to a single joint. Furthermore, although the inflammation of each joint 
may be evanescent, the disease process usually manifests itself for at least 2 
weeks. During  this period the DPA serum level rises progressively (11).  To 
determine whether this progressive DPA rise observed in rheumatic fever may 
also occur in experimental arthritis,  the following experiment was  done. ALVIN  F. COBURN AND  JOAN HANINGER 
An antibody of low titer (1 ml. per kilo) was injected intracardislly. This was followed 
1 hour later by the injection of antigen (0.1  ml. of horse serum)  into one ankle joint. The 
accompanying swelling reaction and the rise in the DPA level 24 hours later was slight. On 
successive d~ys each ankle joint was injected with the same amount of antigen. On the 5th 
day swelling measurements of the joint originally injected were again made and  the DPA 
blood level was again determined. This was repeated on days 9, 14, and 23 when the experi- 
TABLE II 
Intensity  of tke DPA Reaction  in Relation  to the Degree of Swdling 
Antigen 
Horse serum 
0.1 cc. 
5 per cent egg al- 
bumin 
0.1 cc. 
¢4  ¢¢ 
Treatment 
Antibody 
Normal (control) 
rabbit serum 
Low titer antiserum 
1 cc. 
High titer antiserum 
1 cc. 
Antiserum 
0.085  rag.  N/kg. 
0.17  "  " 
0.34  "  " 
0.68  "  " 
No. o[ 
animals 
10 
5 
5 
t,C 
meaJ1 
-11 
+13 
+87 
+9 
+40 
+57 
+73 
DPA reaction 
4-S.E.  P 
15 
2  0.5 
10  0.05 
6  0.4 
0.05  5 
15  0.02-0.01 
10  0.05-0.02 
Joint K.S.L 
1.0 
1.9 
4.3 
1.6 
4.3 
7.0 
7.7 
TABLE III 
Progressive  Increase  in  DPA  Serum  Values  and  Joint  Swelling  Index  Associated  with 
A napkylactic  Polyarthritis 
Arthus reaction 
Day  1 
"  5 
"  9 
"  14 
"  23 
No. of animals tested 
I0 
10 
10 
7 
7 
DPA reaction AC mean 
-[-6 
+26 
+42 
+6O 
+9 
Mean swelling index 
1.1 
1.4 
2.2 
3.0 
1.0 
ment was concluded. During the latter part of this period all of the injected joints became 
exquisitely tender and swollen. The measurements are shown in Table III. 
Table  III  shows  that  both  the DPA  serum  level and  the ~.S.L  of the joint 
originally  inflamed  rose  progressively  with  the  recurrent  Arthus  reactions. 
This  progressive  response  to  an  antigen  antibody  reaction  persisted  for  14 
days  after  the injection of antibody.  Subsequent  injections of antigen  had  no 
significant  effect on  the  joint  swelling or  DPA  serum  level.  It  appeared  that SERUM  DIPHENYLAMINE  REACTION  IN  ARTHRITIS 
during the period of passive anaphylaxis, repeated doses of antigen induced 
inflammatory reactions of progressively greater intensity. As the duration of 
this period of daily Arthus reactions increased, the level of DPA in the blood 
rose steadily. 
The  Serum  DPA  Le~d  as  a  Reflection  of the  Anti-Inflammation  Effect  of 
Salicytate  Administration.--It  is well recognized that salicylic acid exerts an 
anti-inflammatory action in rheumatic fever and under certain conditions in 
anaphylaxis. The purpose of the present experiment was to determine whether 
sodium salicylate would modify not only joint swelling but also the DPA re- 
action  in  the  Axthus  reaction.  Its  effect was  tested  when  administered at 
different times intraperitoneally--prior to antibody injection, prior to antigen 
injection, or during the antigen-antibody reaction. Earlier unpublished experi- 
ments had shown that 200 rag. of sodium salicylate administered intraperitone- 
ally prior to antibody injection inhibited completely both the joint swelling and 
the DPA rise. The same dose administered just prior to the injection of antigen 
caused about 40 per cent reduction in swelling and complete inhibition of the 
DPA rise. Given at the height of the Arthns reaction about 5 hours after begin- 
ning the experiment, it completely blocked any rise in the DPA level without 
inhibiting joint swelling.  To  obtain information on the relation between the 
time of administration and the effect of salicylate on DPA rise and joint swelling 
the  following experiment  was  done. 
Sixty-three guinea pigs were divided at random into seven groups. Each group, except 
the control, was given 200 rag. of sodium  salicylate  in distilled  water per guinea pig intraperi- 
toneally at some phase in the Arthus reaction: (a) prior to antibody; (b)  1 hour later, prior 
to antigen; (c) 3 hours later, prior to height of Arthus reaction; (d) 8 hours after antigen, 
during the subsidence of the swelling reaction; (e)  15 hours after antigen, during recovery; 
(f) 20 hours after antigen, when  Arthus reaction  had subsided. The results are given  in Table 
IV. 
Table IV shows that the salicylate effect, dosage being constant, was closely 
related to the time of administration. When given prior to the time of maximum 
swelling,  3  hours after the  antigen, the  drug inhibited the swelling reaction 
partially and the DPA reaction completely. When given at 8 hours after the 
antigen, salicylate had no effect on the degree of joint swelling,  which had al- 
ready subsided. However, even at this point the drug completely blocked the 
development of increase in the DPA reaction. At 15 hours, the substance re- 
sponsible for the DPA reaction was increasing in the blood. Nevertheless, the 
drug inhibited 84 per cent of the expected DPA response. Furthermore, even as 
late as 21 hours after the Arthus reaction was initiated by the injection of anti- 
gen, salicylate reduced the DPA reaction by 30 per cent. 
The Effect  of Endocrine Substances on the DPA  Reaction.--It  is known that 
at least two adrenal cortical steroids (cortisone, compound E, and hydrocorti- 
sone, compond F) exert an anti-inflammatory effect in  rheumatic fever  and ALVIN F.  COBLrRN AND JOAN HANINGER 
in  certain  types  of  anaphylaxis.  Furthermore,  Ungar  has  shown  that  one 
spleen  substance  (splenin  A)  decreases  and another  spleen  substance  (splenin 
B)  increases  the joint swelling caused by an Arthus reaction  (9).  The experi- 
ment was done to test the effect on the DPA reaction of these substances  ad- 
ministered subcutaneously. 
The usual procedure was followed for inducing the Arthus reaction, obtaining blood sam- 
ples, and  determining  the DPA levels. Thirty-seven  guinea pigs were used for the experi- 
ment. One group served as a control. The other five groups received either sodium salicylate 
TABLE IV 
Relation of Time of Administration  of Sodium  SaUcylate during the Arthus  Phenomenon to 
Its Effect 24 Hours Later on the DPA Reaction and Joint Swdllng 
Treatment of Arthus 
phenomenon 
None 
200  mg./kg,  before 
antibody 
200  mg./kg,  before 
antigen 
200 mg./kg. 
3  hrs.  after  anti- 
gen 
200 mg./kg. 
8  hrs.  after  anti- 
gen 
200 mg./kg. 
15 hrs.  after  anti- 
gen 
200 mg./kg. 
20 hrs.  after anti- 
gen 
No. Of 
animals  AC 
mean 
+67 
-7 
-20 
-2 
DPA reaction 
N, 
an! 
•  4-s.x.  P 
lo  o.o  
13  10.01-0.001 
11  0.02-0.01 
-3 
+11 
+47 
11 
13 
13 
0.02--0.01 
0.05-0.02 
0.4-0.3 
of 
~ls 
Joint swelling 
~.S.L  ±S.Z.  I  P 
- 
1.84  0.13  i0.02-0.01 
1.57  0.002  0.02--0.01 
1.7  0.30  0.05-0.02 
4.0  0.12 
4.0  0.12 
4.1  0.12 
i 
r 
200 mg./kilo in distilled water intraperitoneally,  or cortisone 12.5 mg./kilo  intramuscularly, 
or hydrocortisone 2.5 reg./kilo intramuscularly, or splenin A 0.09 reg./kilo intramuscularly,  or 
splenin B 0.05 reg./kilo intramuscularly.  In each instance, the drug was administered approxi- 
mately 45 minutes prior to the injection of antigen but after the injection of antibody.  The 
results are given in Table V. 
Table  V  shows  that  cortisone,  compound  F,  and  splenin  A  were  highly 
effective,  not only in reducing joint  swelling to the degree caused by antigen 
alone  (1.0 ram.),  but also in preventing any rise in DPA values.  In contrast, 
splenin  B  aggravated the swelling reaction and did not prevent the rise in the 
DPA level which follows the Arthus reaction. 
The Relation  of the  Dosage  of Splenin  A  to  the  DPA  Level.--A  number  of I0  SERUM  DIPHENYLAMINE  REACTION IN ARTHRITIS 
experiments were done to test the effectiveness of splenin A on the inhibition 
of joint swelling and a rise in DPA level. 
Two antigen-antibody systems were used in the usual manner to induce the Arthus reac- 
tion.  Three splenin A preparations  of different potencies were tested.  Six different dosages 
were administered intramuscularly to guinea pigs just prior to the injection of antigen. As the 
dosage of splenin A was increased, the degree of joint swelling was inhibited until it reached 
the base line level of 1.0 ram. Likewise, with increasing amounts of splenin A the degree of 
DPA rise was inhibited. 
To determine the amount of splenin A required to block any rise in the DPA 
level and the relation of this dose to  the  requirement for suppressing  joint 
swelling,  the following experiment was  done. 
TABLE V 
Effect of Drugs on the DPA Reaction and Joint Swdling Associatzd  u~th  Arthus Phenomenon 
in Normal Guinea Pigs 
DPA reaction  [ 
Treatment of Arthus  No. of  __ __ 
phenomenon  animals  AC 
____  _ 
None  I  5  f  -[-71  I  16 
Sodium salicylate  6  [  --30  t  16  0.01-0.001 
200 mg./kg.  / 
Cortisone 
12.5 mg./kg. 
Compound F 
2.5 mg./kg. 
Splenin A 
0.09 mg./kg. 
Splenin B 
0.05 mg./kg. 
--16 
--46 
--39 
+46 
15  0.01 
15  0.01-0.001 
1  <0.001 
I 
12  0.2  I 
I 
No.  of 
animals 
Joint swelling 
~t.s.i.  ~s.~¢.  P 
1.0  !0.016  <0.001 
1.09  0.15  <0.001 
0.93  !0.13  3.01-0.001 
0.94  !0.19  0.001 
5.1  0.007  0.05 
The procedure of the previous experiments for the Arthus reaction and DPA determinations 
was again used. Thirty guinea pigs were given one of four doses of splenin A. The prepara- 
tions used in this experiment contained 5000 Arthus units per rag. a in olive oil. In each in- 
stance the splenin A was administered intramuscularly forty-five minutes prior to the injec- 
tion of antigen. A control group of guinea pigs received an injection of the olive oil employed 
as the vehicle for splenin A. Olive oil had no inhibitory effect on the Arthus swelling or the rise 
in DPA. Four groups containing six to eight guinea pigs each received a dose of 0.001, 0.01, 
0.1,  or 1.0 reg./kilo. The relation between the dosage of splenin A and the inhibition of the 
DPA reaction and joint swelling is shown in Fig. 3. 
3 This preparation containing 20,000 units per mg. was made by Dr. S. A. Karjala in July, 
1952. Subsequent preparations have been concentrated to 80,000 Arthus units per mg. One 
Arthus unit is defined by Ungar as the amount of material per kilo of guinea pig which will 
reduce the joint swelling by 50 per cent under appropriate experimental conditions (14). ALVIN  ]L COBURN  AND  ~0AN  HANINGER  11 
Fig. 3 shows that the degree of suppression of both the joint swelling and 
also the DPA reaction is determined by the quantity of splenin A injected. With 
a  dose of 0.1  reg./kilo  the joint swelling  was completely suppressed and the 
DPA reaction inhibited by 76 per cent. Blocking of both reactions was achieved 
with a dose of 1 mg./kilo of the preparations containing 5000 Arthus units per 
ml. 
The Effect of Splenectomy on the Action of Certain Anti-Inflammatory A gents.-- 
Ungar has shown that cortisone fails to reduce the bleeding time, as tested on 
the guinea pig ear,  and also does not suppress the joint swelling of the Arthus 
phenomenon in splenectomized animals  (9,  15). The present  experiment was 
done to determine the effect of sodium salicylate, cortisone,  compound F, and 
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Fro. 3.  The relation of the dosage of splenin A to the inhibition of rise in diphenylamlne 
value and joint swelling in the Arthus phenomenon. 
splenin  A on the DPA level as well as the joint swelling in splenectomized ani- 
mals receiving an anaphylactic arthritis. 
Fifty guinea pigs were spleaectomized under ether anesthesia and with sterile technique. 
Prior to this Ungar had found that sham operations had no effect on the reactions to splenin 
A or cortisone as judged by the bleeding time. At the end of 3 weeks forty-one of the splen- 
ectomized pigs were used in this experiment. At this time they were all in good health, com- 
pletely healed with normal DPA serum levels. As in the previous experiments the Arthus 
reaction was induced in the usual manner. Blood samples were obtained just prior to and 24 
hours  after  the  Arthus  reaction.  The  control group  was  untreated.  Four groups  received 
sodium  salicylate 200  reg./kilo intraperitoneally,  cortisone  12.5 reg./kilo intramuscularly, 
hydrocortisone 2.5 reg./kilo intramuscularly, or splenin A 0.1 reg./kilo. In each instance the 
drug was given approximately 45 minutes prior to injection of antigen. The results are given 
in Table VI. Sham operations (laparotomies) were done on twelve pigs.  In these control pigs 
cortisone and hydrocortisone had the customary anti-inflammatory effects; they suppressed 
both the swelling reaction and the rise in DPA level. 12  SERUM DIPHENYLAMINE REACTION IN  ARTtittITIS 
Table VI shows that in splenectomized animals splenln A  and sodium salicyl- 
ate  were  highly effective as  anti-inflammatory agents.  They  both  inhibited 
significantly any  rise in DPA  levels and  joint swellings. On  the other hand, 
cortisone and compound F  had no effect in preventing joint swellings and had 
only about 50 per cent inhibitory effect on the DPA level. This is in sharp con- 
trast to the results given above for these two substances injected into animals 
with the spleen intact (Table VI). These findings indicate that the spleen may 
be essential for the action of adrenocortical compounds in the prevention of the 
edema and tissue injury of anaphylactic arthritis in the guinea pig. 
To  determine whether  cortisone acts only systemically or may also have a 
local action on anaphylactic arthritis, the following experiment was made. 
TABLE VI 
Effect of Drugs on the DPA Reaction and Joint Swelling Associated with Artkus Phenomenon in 
Splenectomized Guinea Pigs 
Treatment of Arthus  phenomenon 
None 
Sodium Salicate 
200 mg./kg. 
Cortisone 
12.5 mg./kg. 
Compound  F 
2.5 mg./kg. 
Splenin A 
0.1 mg./kg. 
No of  [  DPAreacti°n  [ 
an~aals  ~C 
mean  :l:s.X.  P  :  2-- 
9  iq-23  9  0.05  I 
9  +28  t  9  0.05 
10  +3  17  , 0.05 
No. of  animals 
7 
6 
9 
9 
10 
Joint swelling 
M.s.1. ±s.t___~.  P 
7.0  10.43  I 
20  10.15 r<o0ol 
6.8  0.44  0.7 
6.8  0.19  0.7-0.6 
2.3  0.11  0.001 
Guinea pigs were given antibody and antigen in the usual manner except that two ankles 
received antigen. In the left ankle, cortisone (Merck) was mixed with the horse serum and in 
the right ankle cholesterol was mixed with the horse serum. Measurements  were made every 
half-hour for 5 hours after the injection of antigen into the ankle joint. The original measure- 
merits  were subtracted from  the average of measurements  made following the injection of 
antigen. The difference as the mean swelling. Four doses of cortisone tested were: 1.25, 0.125, 
0.0125, 0.00125 reg./kilo. DPA determinations were made 24 hours later. Swelling of the 
treated joint was reduced  by each of the four doses. With decreasing amounts of cortisone 
there was decreasing reduction of the swelling. However,  the swelling of the untreated joint 
was reduced to about the same degree as that of the treated joint. With the drug dose of 1.25 
reg./kilo the DPA rise was inhibited by 91 per cent; with the dose of 0.00125 reg./kilo the 
DPA rise was inhibited by 29 per cent; intermediate doses gave intermediate degrees of in- 
hibition. 
These findings indicated that cortisone injected in an ankle joint exerted a 
systemic effect, the degree depending on the dosage. The untreated ankle re- 
sponded to approximately the same degree as the treated ankle. ALVIN :F.  COB17R.l'q" AND  JOAN  ttANINGER  13 
The Effects of Salicylate and Splenin A  in Relation to Time of Administration. 
---The purpose of this experiment was to determine whether sodium salicylate 
and splenin would prevent a  rise in the DPA level if administered following, 
during, or only prior to the Arthus reaction. 
Six dozen pigs were bled in a uniform manner 24 hours prior to the injection of antigen in 
one joint.  Three dozen pigs were given sodium  salicylate, 200  reg./kilo intrapefitoneally; 
three dozen received splenin A 1 mg./kilo intramuscularly. The times of drug administration 
of salicylate and splenin A for each batch of six pigs were: ~  hour prior to antibody injection; 
hour prior to antigen injection; 5, 8,  14, and 21 hours after the injection of antigen. The 
usual procedure was used for inducing the Arthus arthritis. Each batch of pigs was bled twenty- 
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four hours following antigen injection. The average difference  in the DPA levels (for each 
batch of six pigs)  is shown as AC in Fig. 4. 
Fig. 4 shows two sets of observations. The dosage of both sodium salicylate 
and splenin A inhibited the joint swelling by about 50 per cent when adminis- 
tered prior to the peak of the Arthus reaction. The administration of salicylate 
or splenin after 5 hours had no effect on the swelling reaction because it had 
subsided. 
It is seen that a rise in the DPA level began between 8 and 14 hours. The 
DPA levels are similar to those seen in Fig.  2. In that experiment conditions 
were identical except no drugs were administered and the dots indicated the 
hours at which blood was taken. In Fig. 4 the dots and circles indicate the time 
of drug administration. All bleedings were done at 24 hours when the expected 
DPA  level, occurring in  the  absence of drug  administration,  was  67.  When 
administered prior to  14 hours each substance suppressed a  rise in the DPA 14  SERlY~  DIPHENYLAMINE  REACTION  IN ARTHRITIS 
level. When administered at 14 hours or later both drugs suppressed a further 
rise in the DPA level but had no effect on the increase which had already oc- 
curred in the blood. 
It appears that at 14 hours each substance exerted about 84 per cent inhibi- 
tion; and at 21 hours, about 30 per cent inhibition. However, a comparison of 
the curves shown in Fig. 4 with the curve in Fig. 2 indicates that actually both 
salicylate and splenin A completely suppressed any further increase in the DPA 
value caused by the Arthus reaction irrespective of the time of administration. 
For example, if therapy had not been admiuistered at 14 or 21 hours the DPA 
value would have risen to AC =  67 at 24 hours. Actually, the substance respon- 
sible for the reaction had increased in the serum at 14 hours to 10 and at 21 
hours to 47. 
This  experiment  shows  that  even  though  the  swelling reaction had been 
completed, both salicylate and splenin A were effective in suppressing the tissue 
injury which gives rise to the DPA rise. Furthermore, this effect was prompt, 
associated probably with the rapid absorption of the drugs. For example, sali- 
cylate  administered  intraperitonelly  appeared  in  the  blood  within  a  few 
minutes and reached a peak level of 45 to 55 mg. per cent within three hours. 
Likewise splenin A in olive oil injected intramuscularly was rapidly absorbed, 
reached its peak of effectiveness within 3 hours, was 86 per cent effective at 6 
hours and then rapidly disappeared. 
The Rdation of the Intensity of the Anaphylactic  Process to the Drug Dosage 
Required to Suppress  a DPA  Rise.--In  suppressing  the joint swelling of the 
Arthus phenomenon, Ungar found that the dosage of drug could be calculated 
on the basis of weight (9).  He defined an Arthus unit as the amount of anti- 
inflammatory agent per kilogram of guinea pig required to inhibit by 50 per 
cent the mean swelling index. Even for this anaphylactic monoarthritis it was 
shown above that the dose of one Arthus unit inhibited only a fraction of the 
rise in the DPA level (Fig. 3).  In fact, a  considerably larger amount of anti- 
inflammatory agent is required to suppress completely a rise in the DPA level. 
The inflammatory reaction in a  natural disease process is not limited to a 
single lesion of such mild intensity as the passive Arthus arthritis. Multiple foci 
of inflammation, accompanied by a  progressive rise in the serum DPA  to  a 
plateau level, occur in rheumatic fever. Determination of the amount of an 
anti-inflammatory agent  required  to  suppress  a  disease process  of multiple 
inflammatory reactions is a point of some importance. To approach this prob- 
lem experimentally, the following two experiments were made. 
In one, forty-nine guinea pigs received antigen in a single ankle joint (monoarthritis) ; in 
the other, sixteen guinea pigs received antigen in four ankle joints (polyarthritis). With this 
exception the Arthus reaction was induced in the usual manner. All animals received 1 ml./ 
kilo of rabbit anti-egg albumin, containing 0.25 mg. N per ml. intracardially. All drugs were 
administered 45 minutes before the injection of antigen.  Sodium salicylate 10 reg./kilo and 15 
Treatment 
10o mg./kilo was given intraperitoneally. Cortisone  1 reg./kilo and 10 mg./kilo and splenin 
A 0.002 reg./kilo and 0.02 reg./kilo were given intramuscularly. Observations on theanimals 
with monoarthritis are shown in the top section of Table VII. 
It is seen in Table VII that a  monoarthritis caused a  mean  swelling index 
of 5.4  ram.  followed 4  hours  later by a  DPA  increase of 47.  In  accord with 
TABLE VII 
The Effectiveness of Anti-Inflammatory Agents in Relation to the Number of Joints Involved 
in the Arthus Phenomenon 
No. of joints 
Antibody  +  homologous 
antigen 
Antibody +  heterologous 
antigen 
Na salicylate 
10 mg./kg. 
Na salicylate 
100 mg./kg. 
Cortisone 
1 mg./kg. 
Cortisone 
10 mg./kg. 
Splenin A 
0.002 mg./kg. 
Splenin A 
0.02 mg./kg. 
No treatment 
Na salicylate 
100 mg./kg. 
Cortisone 
10 mg./kg. 
Splenin A 
0.02 mg./kg. 
No. of 
animals 
10 
DPA 
6  1 
5  1 
6  1 
6  1 
6  1 
5  1 
4  4 
4  4 
4  4 
4  4 
Per  cent 
inhibition 
~c 
ine&n 
+47 
+I 
+21 
+3 
+II 
--3 
+8 
+5 
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+69 
+36  48 
+39  44 
+12  84 
Arthus swelling 
Per cent 
J.M.s  inhibitlo~ 
i 
I  5.4  i 
0.56 
55  2.3  57 
i  J 
94  1.7  69 
77  1.5  62 
100  o. 76  86 
I  I 
83  2.4  ~  56 
90  0.73  87 
r 
i 
r 
Ungar's  findings  (9,  16)  the  Arthus  unit  for  sodium  salicylate  was  about 
10  reg./kilo; for  cortisone,  1  reg./kilo; for  splenin A  1  Arthus  unit/kilo.  4 In 
each instance,  the dose required to suppress a  rise in  the DPA level was  ap- 
proximately ten times the Arthus  unit. 
In the lower half of Table VII is seen the effect of polyarthritis. These  pigs 
received the same dose of antibody followed by an infection of antigen in each 
4All splenins  were  made by Dr. S. A. ~Karjala and the assays of Arthus units, by Dr. 
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ankle joint. 24 hours later the DPA rise was 69. In these pigs with polyarth- 
ritis the dose of drug which suppressed the rise of DPA in monoarthritis only 
partially inhibited the rise. 
These findings show that: the over-all intensity of inflammation as reflected 
by the DPA reaction is determined not only by the titer of the antibody in- 
jected but also by the number of depots of antigen; that approximately ten 
times the Arthus unit of a drug may be required to suppress a DPA rise; that 
this amount of drug which will suppress (90 to 100 per cent) the DPA rise in 
a monoarthritis only partially inhibits (salicylate 48 per cent, cortisone 44 per 
cent, splenin A 84 per cent) the DPA rise in polyarthritis; that the intensity of 
the anaphylactic process determines the drug dosage required to block a rise 
in the DPA level; that is, to suppress inflammation. 
DISCUSSION 
The tissue injury which occurs with an inflammatory reaction may be re- 
flected in  the blood in several related ways. Kelley and his associates have 
shown in rheumatic fever that there is a correlation between the serum muco- 
protein  level  and  the  erythrocyte sedimentation rate  (17).  Shedlovsky and 
Scudder have shown that in inflammation there is a  correlation between the 
erythrocyte sedimentation rate and the alpha globulin level (18).  Seibert el al. 
have presented considerable evidence that "an increase in polysaccharide, as 
well as in alpha~ globulin, indicates the presence of tissue destruction" (19). 
West  and  Clarke found an  increase  in  glucosamine levels  in  inflammatory 
states including rheumatic fever (20).  They pointed out a  possible correlation 
between these levels and the erythrocyte sedimentation rates. However, glu- 
cosamine does not react with DPA to give a purple color. 
The  observations on  the  effect of  sodium salicylate and  adrenal  cortical 
steroids on the swelling associated with a hypersensitive reaction are in accord 
with those reported by several  investigators  (16,  21-23).  Smith and Hum- 
phrey (22), as well as many others, are of the opinion that the protective effect 
of sodium salicylate is due to some action on the local blood capillaries. The 
present studies indicate, however, that this is only one of the actions of sodium 
salicylate.  In  addition  to  exerting  an  action  on  capillaries  and  inhibiting 
edema, salicylate, as well as other substances, may suppress the tissue injury 
associated with inflammation and reflected by the DPA reaction. The finding 
that  splenin A  had  an  anti-inflammatory effect whereas  splenin B  perhaps 
aggravates inflammation is in accord with the reports of Ungar on joint swell- 
ing (9) and capillary permeability (15). 
It is apparent that in the guinea pig the anti-inflammatory effect of an im- 
pure  fraction of splenin A  made in this laboratory seems to  exceed that of 
commercial samples of salicylate or cortisone of comparable weight. For the 
laboratory model, anaphylactic arthritis,  this is true when the substance is ALVIN" F. COBURN AND JOAN HANINGER  17 
used either as a prophylactic or therapeutic measure. It is also apparent that 
splenin A, but not cortisone or hydrocortisone, acts in splenectomiTed animals. 
Perhaps these adrenocortical steroids exert at least some of their anti-inflam- 
matory effects in  anaphylaxis v/a the  spleen,  by causing the  elaboration  of 
splenin  A  as postulated by Ungar  (24).  Whether  these  steroids  are  spleno- 
trophic hormones remains to be determined. That these steroids, splenin A and 
sodium salicylate, suppress inflammation in the intact animal is shown. 
In  the  course of these  studies it has become apparent  that each of these 
anti-inflammatory agents seems to have two effects, one on the joint swelling, 
the  other  on  the  subsequent  tissue  injury responsible  for  the  serum  DPA 
level. This dual role is of particular significance to the investigator of rheu- 
matic fever, a  disease in which primary and secondary lesions occur during 
the acute stage of the attack (25). The primary lesions,  such as vasodilatation 
changes in vascular permeability with edema and diapedesis, are evanescent 
and reversible (26). One can relieve such exudative manifestations of rheumatic 
fever by administering small amounts of salicylate, and yet the disease proc- 
ess, as reflected by the erythrocyte sedimentation rate, may progress. For the 
patient and for the physician the critical problem is the suppression of tissue 
injury, the lesion which causes fibrotic and degenerative changes. It is the de- 
velopment of tissue injury which appears to give rise to the increase in DPA 
serum levels. Measures permitting the suppression of any rise in the DPA level 
during the Arthus phenomenon may reasonably be expected to provide ways 
for the inhibition of carditis in rheumatic fever. To this end the determination 
of a DPA unit, rather than the Arthus unit (based on joint swelling), may af- 
ford a  practical means for estimating the amount of an inflammatory agent 
which may be required. 
The intensity of inflammation in the anaphylactic arthritis, as reflected by 
the DPA reaction, is determined principally by two factors, other things being 
equal. One factor is the number of depots of antigen. Multiple sites of inflam- 
mation cause a  higher DPA level than does a  single lesion.  The other factor, 
previously shown to be significant in the development of joint swelling (9, 10), 
is the antibody titer.  Increasing amounts of antibody cause increasing DPA 
levels.  It is of interest that both of these factors also appear to be associated 
with the intensity of rheumatic fever. Furthermore, it appears that the second 
factor may determine the amount of an anti-inflammatory agent required to 
suppress a  rise in the DPA level in rheumatic fever. For example, in the case 
of sodium salicylate it has been  reported  that both for in  vitro experiments 
and  for  patients with  rheumatic fever, the  greater the concentration of cir- 
culating antibody globulin, the higher is the plasma salicylate level required 
(27).  In conclusion, it appears that under the various experimental conditions 
stated in  this report,  the  DPA  reaction affords an index for screening anti- 
inflammatory agents. 18  SERUM  DIPHENYLAMINE  REACTION  IN  ARTHRITIS 
SUM3~fARY 
The  passive  Arthus  arthritis  in  the  guinea  pig  provides  an  experimental 
model for studying reactions comparable to  those which occur in rheumatic 
fever. The joint swelling in  the Arthus reaction is followed by tissue  injury 
which is reflected 24 hours later by a rise in the DPA level. The height of this 
rise is determined by the degree of injury, which in turn is determined both 
by the strength of the antibody injected and also by the number of antigen 
depots created. 
The swelling reaction and the DPA rise can be suppressed by sodium salicy- 
late,  cortisone, or splenin A. The amount of drug required to block a  DPA 
rise  (DPA unit) is approximately tenfold the amount  required to inhibit the 
joint swelling by 50 per  cent  (Arthus unit). Even when the Arthus  arthritis 
has  completed  the  Swelling  phase,  treatment  with  appropriate  amounts  of 
these drugs suppress a rise in DPA. 
It was pointed out that the DPA rise appears to be associated with the tissue 
injury that follows joint swelling; that the degree of a DPA rise is determined 
by the severity of the inflammatory process; and that the amount of an anti- 
inflammatory agent required to suppress a DPA rise depends on the intensity 
of the reaction. 
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